General Disclaimer 


One or more of the Following Statements may affect this Document 


• This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 


• This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 


• This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 


• This document is paginated as submitted by the original source. 


• Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 


Produced by the NASA Center for Aerospace Information (CASI) 



N. 


1 


I 


1 


fd, _ 

•'Wads avai'ablo under r.ASA sponsorship, 

in the inlercsl of e'-ly and v/ids dis^ 7. 6 - 1 0. 4 5 7. 

cp’- Tirf; ' • ■ OUrC-'S SuPiS’/ "** 

, CLt isa&iJitif 67^ - /y i?0 


THE FEASIBILITY OF UTILIZING REAAOTELY SENSED DATA 
TO ASSESS AND MONITOR OCEANIC GAMEFI5H 


by 

Kenneth J. Savastano and Thomas D. Leming 

National Marine Fisheries Service 
National Space Technology Laboratories 
Bay SL Louis, Mississippi 39520 


May 23, 1975 


Skylab Experiment Na 240 
NASAContract Na T-8217B 


O d . 

— . 

■D O Pj 

to 

L-. 12 

-J 

< > o 

CTi 

H- 3S ^3 

out 

1 

ro o t- 

O 



(Ti 

UI 

rj: in 


fti ^ !-J 

■< ' • s 

v/5 


1 1 ,T. 

Hi 

Ui O 


J= = 

00 J 

1 ■■ 

_ — _ 

• n 

"CJ 1-1 

tr> 


'•J 

= ct 

CO 

3 H- -3 

M 

o o 

3 

iH C3 

M 

■c c. » 

r* 

• M c/: 

M 

o w 


o u. in 


il) Ul 

n '-n 

O 

H- 

3 

*1 


X z: c 


TJ M 
-j- -i f 

r- (n o M 

t/5 rr r; CO 

n X M M 
t-< n >-a z; 

(-• o <75 
O (1! w 
QD W 

<jO 

X 

r; 

u- 


o c 


O D 


t: O 

a. 

U’. t- 

1 

J O' 

u> 

tfi 

C5 


O' 


INJ 


UI 



THE FEASIBILITY OF UTIUZIHG HEMOTELY SENSED DATA 


TO ASSESS and MONITOE. OCEANIC GAMEFISH 

by 


dRlGIKAL CONTAIHS 
GOiOR ILLUSTHATIONS 


i. ^ W W UU. 


National Marine Fisberies Service 
Bay Saint Louis, Mississippi 39520 

ABSTRACT 


EROS Data Center 
10th and Dakota Avenue 
Sioux Rails, SO 57198 


An investigation was conducted to establish the feasibHify of utilizing remotely sensed data 
acquired from aircraft ELtid satellite platforms to provide info^niation coneerning the distribution 
and abundance of oceanic gamefisli. The. investigation is currenily hi its analysis ph^e. The data 
from the test area was jointly acquired by NASA, ^ the Navy, the Air Force and NOAA/NMFS ele- 
ments and private and professional fishermen in die northeastern Gulf of Mexico, The data collect- 
ed has made it possible to identify fisheries sighificant environmental parameters for . white marlin. 
Predictioh models, based on catch data and surface truth information, have been developed and have 
demonstrated a potential for significantly reducing search by identifying areas diathave a hi^i pro- 
bability of productivify. Tliree of the parameters utilized by the models, chlorophyll-a, sea surface 
temperature and turbitify were inferred from aircraft sensor data and bave been- tested, . Effective 
use of'Skylab data was iniiibitedby cloud cover and delayed delivery. Initial efforts toward estab- 
lishing the feasibilify of utilizing remotely sensed data to assess and monitor the distribution of 
oceanic gamefish has successfully identiHed fisheries significant oceanographic parameters and 
demonstrated the capabilify of remotely measuring most of the parameters,' 


INTRODUCTION 

An oceanic gamefish inves tigation was initiatecl in April 1973 with the primary objective of deter- 
•mi h g the feasibility of utilizing remotely sensed data acquired from aircraft and satellite platforms 
to assess andmonitor the distribution of oceanic gamefish. The project was contracted to the 
National Marine Fisheries Services (NMFS) Fisheries Engineering Laboratory (FEL) by the National 
Aeronautics and Space Administratioh (NASA) Lyndon B. JolinBOh Space Center (JSG). Many ele- 
ments of the National Oceanic and Atmospheric Administration (NOAA), the Air Force, the Navy, 
NASA, as well as numerous professional and sports fishermen participated in the investigation. 

This joint effort was undertaken tp acquire fishery and oceanograpMc data in association with near 
simultaneously acquired Skylah - 3 and miteraft remotely sensed environmehtal data. : This paper :i 
presents a summary o f th e re sults of the investigation. Earlier papers (1)(2) described die field . 
operations anH" prelEidnaiy results of the August 4 and 5 investigation. Another report (3) describes 
the remote. sensing of Oceanic Parameters during the Sl?ylab Gamefish experiment. A complete re- 
port of die Jnve^gatibn and its analysis is schedaled to be completed in June 1975. 


TARGET RESOUEGE: ^ 

The target resotmce of dns investigation, oceanic gamefish, included billfishes, dolphin, wahoo, 



and certain of the tunas. These gamefish constitute a major source of recreation for an increasing 
number of salt water anglers. In addition to the increasing domestic pressure, the resource is 
being exploited by die Japsuiese longline fishery and there are Indications (4) that the fishing intensi- 
ty has reached or exceeded the level beyond which a maximum annual yield cannot be sustained. 

This and other resource investigations will hopefully provide valuable informationfor the application 
of nev; management techniques to protect die resource. 


TEST AREA 

Tlie test area (Figure 1) comprised 18000 square kilometers and was shaped roughly like a 
triangle, bounded by the coordinates 30“ 16'N, 86“ Sl^W; 29° 18»N, 85° 47»W; and 29° 21«N, 87° 56» W 
on die north, east, and west respectively. The northern apex was 14 kilometers south of Santa 
Rosa Island and the southern serrated edge extended 156 km south of the apex. The sides extending 
from the northern apex approximated the 55 meters curve along die coast. The northern extremity 
of the De Soto Canyon lay widiin the southern portion of the area providing depths in excess of 1600 
meters. In order to provide a grid for referencing gamefish catches, the fishing area was divided 
into 54 squares with 18. 3 km (10 nautical miles) to a side, Sl«ylab track 62 approximately bisected 
the area, extending soutiieast from Mobile Bay. 

The test area is noted for an abundance of oceanic gamefish during the summer season. Numer- 
ous marinas are located along the coast line. Several gamefishing clubs are headquartered in near- 
by coastal cities and charter boat gamefisliing is a viable industry in the coast economy. Figure 2 
depicts an operational overview of the test area. 


FIELD OPERATIONS AND DATA ACQUISITION 
Sl?ylab EREP Imagery 

The Slqrlab Earth Resources Experiment Package (EREP) overpass occurred at approximately 
1140 CDT on August 5 with 40 to 70 percent scattered cumulus cloud cover below 3000 meters. Du- 
ration of the overpass was about 40 seconds as the satellite transited southeasterly over the test 
side from the direction of Mobile Bay, The sensors activated during the overpass are shown with 
their respective applications for the project in Table I, 


Aircraft Imagery 

Aircraft data gathering missions were flown in the area on the morning of 5 August, A NASA 
eartli survey aircraft, the NC130B, based in Houston, Texas, flew three flight lines totaling 413 km 
through, the area at 6100 meters altitude, A contract light aircraft flew transects totaling 413 km at 
3000 meters altitude. The aircraft sensor coverage is given in Table n. 


Gamefish Data 

A committee of representatives from six garaefishing clubs and cbarterboat associations head- 
quartered in Alabama, Florida, and Louisiana, coordinated the volunteer fishing program to ac- 
quire data on tiie living marine resource. These data were acquired through a Skylab Gamefish 
Tournament held August 4-5 under the general management of the Pensacola Big Game Fishing Club. 
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Figure 1. Test Area With Fishing Squares 


















TABLE I. SICYLAB EREP SENSORS ACTIVATED 


INSTRUMENT 

DESCRIPTION 

FOOTPRINT 

APPLICATION 

3190 A 

6 Cameras 

163 km. wide 

Water Color, Surface 
Features 

S190 B 

1 Camera 

109 km. wide. 

Water Color, Surface 
Feafnres 

S191 

■ - 

Infrared Spectrometer 

.43 1cm. wide 

Water Color, Sea 
Surface Temperature 

S192 

Multispectral Scanner 

74 km. wide 

Water Color, Sea 
Surface Temperature 

S194 

Microwave Radiometer 

109 km. wide 
(lialf power) 

Sea Surface Salinity 


table n. AIRCFU^FT SENSOR COVERAGE 


INSTRUMENT 

DESCRIPTION 

FOOTPRINT 

USE 

NASA NC130B 

MSS 

Multispectral Scanner 

10. 2 Itm 

Sea Surface Temperature, 
Water Color 

RE CON IV 

Infrared Scanner 

7. 0 Icm 

Sea Surface Temperature 

AMPS 

Airborne Multispectral 
Photographic System 

2.3 km 

Water Color 

RC8 

Aerial Gamera/Color 
Photography 

9. 1 km 

Cloud Cover, Water Color, 
Location of Surface Vessels 
and Features 


Multiband Camera 

5.3 km 

Water Color 

PRT 5 

Precision Radiation 

0.2 km 

Water Color 

NASA Li^t Aircraft 

RS-18 

Thermal Infrared 
Scanner 

7, 3 km 

Sea Surface Temperature 

K-17 

Aerial Camera/Color 
Photography 

4. 8 Ian 

Water Color, Surface 
Features 

EL 500 

2 Cameras - Color and 
Color IR 

4. 2 Icra 

Water Color, Surface 
Features 

PRT 5 

Precision Radiation 
Thermometer 

0.1 km 

Sea Surface Temperature 

E 20-D 

Spectrometer 

0.1km 

Water Color 
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Fishing tournament ofHcials restricted competition for trophies to seven offshore gamefish species. 


Blue Marlin, Makaira nigricans 
White Marlin, Tte trap turns albidus 
Sailfish, Istiophorns platypterus 
Wahoo, Acanthooybium solanderi 
Dolphin, Coryphaena hippurus 
Yellowfin Tuna, Thunnus albacares 
Bluefin Tuna, Thunnus thynnus 

Approximately 325 anglers fished from craft, 20 to 57 feet in lengtlr, scattered over the test 
area. On each boat a gamefish log -was kept of all fish raised, hooked, lost and boated. Gamefish 
samplers collected the logs in the late afternoon at the checkpoints from the returning boats. At the 
time of submission, each log was reviewed by a gamefish sampler witli the respt etive boat captain 
for omissions and errors while details still remained fresh in mind. Table III gives a breakdown of 
the fish catch. 


Sea Trudi Measurements 

Data task teams on four Government and five Government-chartered vessels operating out of 
Orange Beach, Alabama; Destin, Florida; and Panama City, Florida^ gadiered sea truth environ- 
mental data at 48 sampling stations at periodic intervals during daylight hours on August 4 and 5. 
A total of 140 sets of measurements were taken. 

TABLE ni. TOURNAMENT FISH CATCH 


Fish Species 

No. Raised But 
Not Hooked 

No. Hooked 

No. 

Lost 

No, Boated 

4 Aug. 

5 Aug. 

4 Aug. 

5 Aug. 

4 Aug. 

5 Aug. 

4 Aug. 

5 Aug. 


BILLFISH 

Blue Marlin 

5 

3 

6 

5 

6 

5 

0 

0 

White Marlin 

25 

19 

32 

23 

9 

14 

23 

9 

Sailfish 

4 

5 

10 

4 

6 

3 

4 

1 

Total Each Day 

34 

27 

48 

32 

21 

22 

1 

27 

10 


OTHER GAMEFISH 

Yellowfin Tuna 

0 

0 

0 

0 

0 

0 

0 

0 

Bluefin Tuna 

0 

0 

0 

0 

0 

0 

0 

0 

Dolphin 

2 

0 

32 

43 

5 

5 

27 

38 

Wahoo 

4 

0 

10 

6 

2 

3 

8 

3 

Total Each Day 

6 

0 

42 

49 

7 

8 

35 

41 


ALL TOURNAMENT GAMEFISH 

Total Each Day 

40 

27 

90 

81 

28 

30 

62 

51 

Tournament 

Totals 

67 

171 

58 

113 
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Parameters measured for each set included surface water temperature, air temperature, Secchi 
disc extinction depth (as a measure of turbidity), sea state, wind direction and speed, wet and dry 
bulb temperature, water depQi, atmospheric pressure, visibility, cloud cover and type, and water 
color. Sea water samples were also talcen for laboratory analysis for salinity and chlorophyll- a, 

-b, and The Forel-TJle color comparator was used to determine water color. Sea surface tem- 
perature was obtained by means of a bucket thet'mometer. In addition, portable salinometers were 
used on several vessels to obtain in situ salinity and temperature measurements. 

In addition to data acquisition ly the oceanographic vessels, scientific observers on twelve of the 
larger gamefishing boats collected sea truth data coincident with gamefish catches. A total of 75 
sets of measurements were taken by these observers. Parameters measured were the same as 
tliose measured from the oceanograpMc boats except tliat chlorophyll samples were not taken. I^s- 
chrometer readings were taken on only a few hoati:. 


DATA ANALYSIS 
Approach 

The sensors used in. this investigation did not have the capability for direct observation of game- 
fish and had only limited capability for acquisition of information related to surface Qv near-surface 
phenomena. Therefore, the main thrust of die data analysis utilized an indirect approach mth inter- 
mediate correlations. The resource data and remotely sensed information were separately related 
to the sea environment as observed by surface sampling and related through the sea environment to 
each other (Figure 3). An effort to relate surface phenomena directly with die incidence of grune- 
fish was unavailing. 


REMOTE SENSING 
(SATELLITE & AIRCRAFT) 



RESOURCE ENVIRONMENTAL 

(GAMEFISH) (OCEANIC & METEOROLOGICAL PARAMETERS) 

Figure 3. Analysis Approach 


The objective of the analysis was to produce a prediction model, using oceanographic values 
inferred from remotely sensed data, which could be used as a management tool for resource utili- 
zation. 


RESOURCE AND SEA TRUTH RELATIONSHIPS 
Concept 

•Rie concept employed in the analysis was that oceanic gamefish abundance and distribution can 
be expressed as a fiinctian of the environment, which is similar to that concept expressed in a 
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previous fisheries remote sensing paper (5). The fimctional dependence is described in the follow- 
ing algebraic expressions. 


A ~ f (E) 
x,y 


D 


= g (E) 


where: 


A = number of oceanic gamefish 
x,y = fish location coordinates 


E = environmental conditions at x,y 
D = gamefish distribution parameters 
no fish present 
fish present 




Hie abundance parameter, A , was estimated by oceanic gamefish raised only, hooked, lost, 
or boated by die fishermen and t^Jefore has a larger degree of error due to the ability of anglers 
to identify, attract, hook and land the fish. The distribution parameter, Dx,y» definition was 

less susceptible to error than the abundance parameter, ^x,y» tlierefore was utilized in the 
mathematical modeling effort"'. 


Data Preparation 

Resource information was available for only 34 out of the 54 fishing squares on 4 August and 30 
out of the 54 squares on 5 August. However, environmental information was not obtained from some 
squares for which there were catch data. Accordingly, an averaging technique was used to provide 
environmental information for those squares where resource data had been recorded. The technique 
consisted of averaging the values of all encircling squares and has previously been used for interpo- 
lating catch data (6). Furthermore, individual test square values for each parameter were compu- 
ted by averaging all station readings in that square for diat parameter each day. Environmental 
data for each square fished o n<- ,tsted of die following parameters: surface water temperature, sur- 
face salinity, air temperature, Secclii extinction depth, sea state, Forel-Ule water color, chloro- 
phyll-a, chloropliyll-b, cMorophyll-c, water depdi, and distance from shore. These parameters 
were utilized as independent variables in die initial correlation analyses. Atmospheric pressure 
was eliminated £com die malyses because of the limited number of stations for wliich tliis measure- 
ment was reported. 

It was decided to concentrate efforts on a bi ll Fift h and a non-billfish species. White marlin and 
dolphin respectively were selected for study because a relatively large catch data set was available 
for each. The white marlin was selected initially because interest seemed to focus on billfish and 
accordingly, much of the text on the progress of the analyses relates to whi(/i marlin. 

Initial correlation analyses were made to determine which form of the resource abundance and 
distribution parameters (Fith raised only, hooked, raised plus hooked, or boated) should be used. 
The hooked parameter was found to have the strongest correlation with the environmental parame- 
ters. Tills stronger correlation can be explained by less error in this measurement as compared 
to Hie raised parameter, i. e, , there is less chance of incorrect idenfification once die fish is 
hooked. Conversely, the boated parameters which had no possibilily of identification error, caused 
a significant error in the distribution parameter, D , when the fish was hooked and not boated. 
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Therefore, flie hooked form of £he parameter -was used in correlation analyses and madiematical 
modeling. 

Furfiier error was identified in the resource distribution parameter in that a certain level of 
fishing pressure was required to determine if there were fish in a fishing square. lii other words, 
if fishing pressure was insufficient in a given square, the distribution parameter would have a value 
of 0 regardless of. the presence or ahaence Of fish. Hus would tend to conceal relationships behveen 
the resource and tlie euvironment. Having found that no white marlin were caught in any of the test 
squares wiGiless than 4 boat hours of fishing pressure, a correction for this error was made by 
eliminating from the analyses all squares having less than 4 boat hours of fishing pressure. This 
resulted in narrowing the study to 24 out of the 34 test squares remaining for 4 August, and 22 out 
of the 30 remaining for 5 August. 


Correlation Analysis 

Correlation and regression techniques were utilized to define relationships between the resource 
and the environment as defined by sea truth measurements. The number of white marlin hooked in 
each test square was utilized as a measure of abundance (Ax,y) and converted to form die distribu- 
tion parameter (Dx^y), Linear correlation coefficients were computed for white marlin abundance 
and distribution and each of the environmental parameters (Table IVl measured on 4-5 August. Tlie 
results listed in Table IV sbow a difference between abundance and distribution and probably reflect 
error in the abundance parameter. The dubious qualify of the abimdance parameter led to emphasis 
on the distribution parameter in the modeling efforts. It should be stressed here that the correla- 
tion copffioients are a measure of the linear relationships between the given dependent variables and 
each en^.ronmental parameter respectively, and do not necessarily indicate the set of parameters 
which should be used in developing predictive models. This is due to the fact that in some cases 
the parameters listed are also statistically correlated. For example, in the test area, vyater depth 
and distance from shore have a correlation coefficient of . 832 which is significant at the 99% level. 
Hence, these two parameters are not statistically independent and one or possibly both (depending 
on interrelation with o&er parameters) may not be selected as a model parameter. However, the 
correlation coefficients listed in Table IV provide a measure of the linear relationship (within this 
set of data) between the white marlin parameters and each of the environmental parameters. 

Assignment of biological significance to these correlations was not within the scope of tliis study. 
The parameters measured may only be serving as indices of unmeasured parameters. Other inves- 
tigators (7) have also foimd temperature to be related to fish distribution. In analyses of die distri- 
bution of white marlin Gibbs (7) found that successtel white marlin longline sets were made in sur- 
face water temperatures abpw 24'’C. Since fhe fishing data were collected in August ylien the Gulf 
is nearly uniform in surface temperatui’e, 29“C (8), the large catch of white marlin was riot unex- . 
pected. A factor which should be noted here is that there was a correlation coefficient of . 407 sig- 
nificant at the 99% level for white marlin distribution and temperature \vith all of the sampled tem- 
peratures measuring between 28* 5 ‘’C and 31. 6°C. Tie strong, positive corr elation held true for data 
taken on both days as well as fhe combined data sets. 

There is no evidence of correlation of either distribution or abundance \vith depth of water ac- 
cording to Gibbs (7). Thus, the apparent strong depth correlation listed in Table TV may be valid 
only in this par ticular test area and may be seasonal or coincidental. 

Positive correlations (significant at fiie 90% level) between white marlin, distribution and die 
chlorophyll~a and o (phytoplankton measurements) ware found. This may be compared to a white 
marlin study in the Middle Atlantic Bight where Important marlin areas showed distinctly high zoo- 
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TABLE IV. COEEELATIONS BETWEEN WHITE MARLIN (HOOKED) ABUNDANCE (A^ . ) 

AND DISTRIBUTION (D } ESTIMATES AND SAMPLED ENVIRONMENTAL 

x,y 

PARAMETERS (E) 


Parameter 

Degrees of 
Freedom 

Correlation Coefficient (r) 

Distribution 

Abundance 

Water Temperature (°G) 

44 

.4074=*4= 

.310^^ 

■ 

Salinity (ppt) 

44 

-.145 

,001 

Air Temperature (°C) 

44 

. 113 

.218* 

Secchi Transparency (m) 

44 

.129 

. 269** 

Sea State (m) 

44 


.183 

Forel-Ule Color (units) 

44 

-.180 

044 

3 

Chlorophyll-a (mg/m ) 

44 

.200* 

.054 

3 

Chlorophyll-b (mg/m ) 

44 

. 056 

-. 005 

3 

Chlorophyll-c (mg/m ) 

44 

. 214^^ 

. 241* 

Water Depth (m) 

44 

.329** , 

. 170 

Distance from Shore (Itm) 

44 

, 454*** 

.323** 


* 90% signiB.oance level ** 95% significance level 99% significance level 


planliton volmnes (9), Tie comparison tends to support the correlation if one assumes that zooplank- 
ton abundance is a function of phytoplankton abundance. 

As planned, subsequent to the wliite marlin analysis, comrelatibns were investigated for 4 arid 5 
August and the combined dates betweeri dolphin distribution and abundance and die environmental 
parameters - sea surface temperature, salinity, air temperature, Secchi extinotipn depth, sea state, 
Forel-Ule color, water density and ohlprpphyll-a, -b, and c. Mstabilify was found to exist for all 
reiationships on a day to day comparison. The extent Of die instability discouraged development 
and testing of prediction distribution and abundanoe models for dolphin such as were accomplished 
for white marlin. 


REMOTELY SENSED OCEANOGRAPHIC PARAMETERS 
AND CORRELATIONS WITH THE ENVIRONMENT 

The object of this phase of the experiment was to measure water surface temperature, turbidity, 
and chlorophyll concentration from aircraft and satellite. Teclmiques currently under develppmeat 













































by the NASA ERL were used for tlie measurements , 


Sea Surface Temperature 

Tlie remote measurement of sea surface temperature has been widely studied. Absolute accu- 
racies of 0. 5°G are readily obtainable from aircraft measurements using one, or in some cases no 
ground truth calibration (10) (11) (12) (13). 

The aircraft thermal data were taken from 3000 meters with an RS-18 scanning radiometer and 
a PRT-5 radiometer and also from GlOOmefers with anoHier PRT-5 radiometer. These radiome- 
ters are sensitive in die 8-14: um regions of the spectrum. The aircraft teermal data have been 
processed and a radiometric temperature trace along the flight lines developed (Figure 4). From 
this trace, the temperature at points between Qie flight lines was interpolated to provide the basis 
of die contour map shown in Figure 5. For comparison purposes, the contour map of surface tem- 
perature determined by surface measurements and corrected for insolation during die ten-hour 
period of sampling to a time midway tlirough the remote data acquisition exercise is presented in 
Figure The time correcfciorL was performed by computing the change in temperature averaged 
over the test area on an hourly basis and adding the appropriate change to readings made at times 
different from the normalization time. A composite of the thermal data from the two aircraft was 
made to fill in gaps that occurred at different locations along the flight lines for the two aircraft 
caused by time-vaiying cloud cover. There were, however, several locations along the fligh t lines 
where clouds caused a total loss of data, and otlier locations where anomalous temperature mea- 
surements may have resulted from severe variations of atmospheric conditions. 

Comparison of the surface and remote temperature contour maps; shows; that, while they are not 
Identical, the same basic trends are present in both maps. There are two likely explanations for 
the discrepancies. The surface measurements were made by many individuals under different con- 
ditions, which could easily result in measurement errors of up to 0. 2^0 (14), Because of the 0,25'’C 
contour interval, errors of this magnitude would distort the contour patterns, A second explanation 
Is the heterogeneous atmosphere perturbing the remotely measured surface temperature. Analysis 
of general atmospheric conditions Over the test area shows tliat a variation of 0. 23 ‘’G can be expected 
exoluding local anamolies due to cloud formations. 

It was anticipated that Slgrlab S192 data would pro vide fliermal measurements over the entire 
test area. However, analysis of tlie S192 tliermal data has been delayed mitil June 1975, 

Chlorophyll 

Measurement of chlorophyE-a concentration obtained from radiance measurements has been 
attempted with varying degrees of success by many workers (15) (16) (IT). No technique has appa- 
rently achieved either sufficient accuracy or consistency to be generally accepted as the best remote 
measurement method. The remote data processed in the study tlius far were obtained by an Exotech 
20-D spedtral ra^Ometer, flown on the light aircraft at 3000 meters. The instrument,^ as confi- 
gured for this experiment, measured radiance in the region of the spectrum from 390 to 1100 nano- 
meters (nm) and calibrated at 57 wavelengths in that range. 

An algorithm for computing ehlorophjrll-a concentration developed by Weldon (15) has been used 
successfully with data taken witli fliis radiometer, but at lower altitudes over the Mississippi Sound, 
Weldon's technique consists of a linear function of the difference between tlie radiance at 620 and 
470 nm, normalized by the radiance at 520 nm. The coefficients of the function are determined 
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Figure 6. Surface Measurement of Water Temperature 
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from ground fcrutti data. 

^ “ 1^620 “ ^ 470 ^ "^^520 ^2 

Hiis algoritlim was applied to the data acquired in this experiment. Tlie root mean square (rms) 
deviation of these calculations from the surface measurements was 0. 48 mg/m^ for 18 measurement 
points, of which nine were used for calibration. 

Another technique was used for computing chlorophyll-a concentrations. Examination of the cor- 
relation of the 520 nm normalized radiance at each of the 57 wavelengdis indicated that the chloro- 
plQTll-a concentration was highly correlated with die radiance at 470 and 600 nm. Further analysis 
showed tliat a linear combination of these radiance values correlated very well with the square of 
the chlorophyll-a concentrafion, so a second calculation of the chlorophyll-a concentration based on 
spectral radiometer measurements was made using the relation shown in Equation (b). 

"" \l“l ^600 “ ^470^/^520 "2 

Figures 7 and 8 are the contour maps drawn from the surface and remote measurements of 
chlorophyll-a, respectively. Tlie remote measurements are a composite ( Figure 9 ) of tlie results 
of both calculations. Careful examination of the two sets of measurements showed dmt the second 
gave better results in areas where chlorophyll-a content was low (0. 28 mg/m^ rms error), but that 
the response flattened out at concentrations above 2.3 rag/m^. The first technique was better at 
the liigher concentrations, so when a concentration greater than 2. 0 mg/m^ was indicated by tlie 
second technique, the value predicted by the first technique was used; otherwise, the value was that 
computed from Equation (b). The rms deviation of the composite at the 18 surface comparison 
points was 0. 44 mg/m®. 

Comparison of Figures 7 and 8 shows that, while the maps do show significant differences, die 
large variations present in the surface data are also fotmd in the remote data. This may be readily 
observed in Figure 10 which is a comparison of chlorophyll-a remote and surface measurement pro- 
files along flight line two. In addition, there are some rapid changes indicated in the remote data 
which are not seen in die surface data. Tiiis does not mean that eidier measurement is in error; the 
remote data is a continuous sampling while the surface measurements are separated by approximate- 
ly an hour’s cruise. Another ifector to be considered is the 10% repeatability factor (18) of the sur- 
face chlorophyll-a determination. It must also be remembered that no corrections for atmospheric 
conditions were made. Tliese conditions were not constant over the test area, and clouds and cloud 
shadows do affect the apparent color and hence the inferred chlorophyll-a content. 


Turbidity 

For diis experiment, turbidity was measured as Secchi extinction depth. Tliis surface truth 
measurement of turbidity was used because of operational considerations, i. e. , the technique is 
simple and the necessary equipment inexpensive. However, the measurement is subjective because 
of the human factor involved and is thus susceptible to considerable error, 

Weldon (15) developed an a^orithm for computing Secchi extinctiqn depth from spectral radio- 
meter measurements, so the first attempted remote measurement of turbidity was with this tech- 
nique. Weldon (15) found that the Secchi extinction depth was proportional to tlie ratio of Qie radi- 
ance measured at 600 nm to that at 550 nm, but application of this algorithm to the data acquired in 
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Figure 7. Surface Measurement of Chlorophyll-a 



Figure 8. Remote Measurement of Chlorophyll-a 









Figure 9. Chlorophyll-a Along Flight Lines 
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Figure 10, Comparison of ChloropIiyU-a Remote and Surface Measurement Profiles 
Along Flight Line Two 



the gamefish experiment was notably unsuccessful. The failure of tliis previously verified technique 
is probably due to tlie fact that Weldon’s work was done with measurements made in die Mississippi 
Sound where three meters is generally the greatest Secchi depth observed, as opposed to thirty in 
tlie Gulf. Several techniques were developed to infer turbidity measurements from the spectro- 
meter data. 

The final algoritlim as in the chlorophyll calculation optimized the informafion content relative to 
die Secchi transparency measurement, Hiis optimization was performed by selecting wavelengths 
which showed the highest correlation wltli die Secclii depth and die least correlation with each other, 
Unnormalized radiance data, radiance normalized by a wide band in die blue (390-430 rnn) region, 
and radiance normalizedby a wide band in the infrared (91X-1073 nm) region were examined. The 
best set of correlations was found widi three wavelengdis (410, 440, and 550 nm) of the blue-norma- 
lized radinace. An expression of the foim 

S = I, a R X /R, , + a , (C) 

c n=l n n olue 4 

was used to calculate the Secchi extinction depth, 

Tlie results are in agreement with the surface measurements as can be seen from Figures 11 and 
12 wliich are contour maps of the Secchi extinction depdi made from surface and remote measure- 
ments according to this technique. Wliile the calculated rms error was 3. 9 meters for 20 points, of 
which eight were used for calibration, the trends were well represented. The chief discrepancy be- 
tween die two is in the area where surface readings on the order of 30 meters were made and where 
the remote measurement indicates greater turbidity. 

There are two likely explanations for this variation. Because of the criteria used in selecting 
calibration points for the remote measurements, which included a maximum time difference between 
surface and remote measurements of three hours, no calibration points had Secchi depths of more 
than 17 meters. This would introduce an uncertainty of unlcnown magnitude into measurements out- 
side the calibrated range. Also, reports from the surface observers indicated that water conditions 
were changing over the test area. It is tlius possible that the sea conditions changed at tliis sample 
station during tlie four hour interval separating surface and remote measurements. 


Salinity 

Because salinity is an important factor in die white marlin predictor to be described later, it 
would have been desirable to use remote measurements of salinity in this expei’iment. The feasi- 
bility of applying L-band radiometer data to measure salinity remotely has been demonstrated by 
Thomann (19). Unfortunately, the microwave radiometer necessary for diis measurement was not 
available for use on die aircraft for this experiment; the other potential source for remote salinity 
measurements was the L-band radiometer on Skylab. Unfortunately die footprint of the Instrument 
was almost as large in area as die entire test site, resulting in insufficient resolution. 

RESOURCE AND REMOTELY SENSED DATA RELATIONSHIPS 

Approach 

Fishermen in search of gamefish consider, as a rule, the color of the sea as the primary indica- 
tor of good fishing grounds. The generally accepted theory is that the gamefish are found priniopally 
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Figure 12. Remote Measurement of Turbidity 
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in areas where the water is blue as opposed to green. The approach talten in attempting to define a 
relationsMp between the billfish resource and marine phenomena directly sensible by die satellite 
and aircraft sensors utiliaed visual interpretation, color enhancement of multiband photography, and 
direct correlation between spectral radiometer ’’color*' measurements and resource distribution In- 
formation. 


Water Discontinuities 

The photography from the NC-130B and the light aircraft were visually examined for surface dis- 
continuities which would indicate die boundary between different water masses. Tlie discontinuities 
searched for were either sharp changes in water color, of wliich none were found, or surface rips. 
Many rips were identified, some in bodi sets of aerial photography. Unfortunately, die portion of 
the test site visible in the photography was small, therefore much of the study area could not be in- 
cluded in this analysis of the aerial photography. 

Figure 13 shows the relationship between rips and white marlin hooked. Tlie fishing squares 
containing rips are indicated by horizontal lines. Squares where fish were hooked are shaded. The 
limited data set does not permit ary definitive conclusions to be drawn concerning fish/rip relation- 
ships, but one must observe that there are no fish caught in squares containing rips. 

No rips were found in the Skjrlab S190A or S190B photography which has been examined in detail. 
This is to be expected since these surface features generally have widths less than die resolution of 
both the S190A and S190B sensors. 


S190A Photographic System 

The S190A multispectral photographic system consisted of six high-precision cameras widi 
matched optical systems. Each had an f/ 2, 8 lens with aperture variable to F/16 in l/2-stop incre- 
ments and a focal lengfli of 15. 2 centimeters (6 inches). At a nominal spacecraft altitude of 435 
kilometers (235 nautical miles), the 21. 2-degree square field of view provided ground coverage 163 
kilometers (88 nautical miles)square. The film width was 70 millimeters, which provided a usable 
image 5.7 centimeters (2 1/4 inches) square. Tlie camera system compensated for the forward mo- 
tion of the spacecraft along the flight path. Each of the six cameras was identified by a station num- 
ber and equipped with combinations of filters and Elms for the various wavelength bands (Table V). 

Positive black and white transparencies of the experimental area for stadons 1, 2, 5, and 6 and 
positive color transparencies for stations 3 and 4, scaled at 1:2, 850, 000 were received as S190A 
data products from NASA’s Johnson Space Center. 

I 

Of the S190A film products acquired and received for analysis, black and white (BStW) 70 ram 
negative transparencies of successive frames 242 and 243 (11:41:04. 3 CDT) of all six stations were 
made and used in density slicing/color enhancement analyses. Neither frame selected would accom- 
modate the entire test area. Figure 14 shows the two frames from station 6 spliced together with 
the test site overlaid. Pensacola harbor may be seen in the upper ri^t corner. The S190A photo- 
graph revealed a number of anomalous dark patches (20) within the sun-glint areas, the largest of 
which appeared in grid square numbers 31 and 48. This particular patch was oval shaped; it encom- 
passed a total area of about 570 square kilometers and was associated with calm sea state measure- 
ments ranging from 30 to 40 cm. 

Initially, two bands, 0, 5 - 0. 6 nm and 0, 6 - 0, 7 jum were density sliced to derive sea surface 

20 



to 


Figure 13. Comparison of Wlilte Marlin Disfn.’ibution 'witli Surface Rip Locations 
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TABIiE V. MULTISPECTRAL CAMERA STATION CHARACTERISTICS 


AND FILM ROLLS USED 


Sta 

Filter 

Filter 

Bandpass, 

micrometer 

Fibn Type* 

Estimated 
Ground 
Resolution / / 
meters (feet) 

— 

Mission 

SL-3 

Roll No. 

1 

CC 

0.7- 0.8 

■ 

EE 2424 
(B&W infrared) 

73 - 79 
(240 - 260) 

19 

2 

DD 

0.8- 0.9 

EK 2424 
(B&W infrared) 

73 - 79 
(240 - 260) 

20 

.. 

3 

EE 

0.5-0.88 

EK 2443 
(color infrared) 

73 - 79 
(240 - 260) 

21 

. 4 

FF ■ 

0.4- 0.7 

SO-356 

(hi-resolution color) 

40 - 46 
(130 - 150) 

22 

5 

BB 

0.6- 0.7 

SO- 022 

(PANATOMIC-X B&W) 

30 - 38 
(100 - 125) 

23 

6 

AA 

0.5- 0.6 

SO-022 

(PANATOMIC-X B&W) 

40-46 
(130 - 150) 

24 


* Eastmaa Kodak Company / / At low contrast 


information. Comparing the distribution of hooked white marlin per square witli the image sliced in- 
to five density levels revealed tliat fish were hooked in squares having different density levels. The 
fishery resource data, as summed and positioned to the center of the squares, therefore could not 
be correlated with any partiGular density slice of tlie S190A multiband Slylaij photography as origi- 
nally anticipated. 

Further efforts were made to get by this deficiency by utilizing white marlin •'atch locations 
accurately to 1/2 mile (twelve in number) determined by electronic navigation equipment aboard a 
subset of fishing vessels participating in the experiment. A re-examination of the imagery from 
stations 1 through 6 was made to determine if die distribution of white marlin was located in a par- 
ticular densily region. The image in Figure 14 was densily sliced and color coded on a VP- 8 image 
analyzer* The white marlinlocations were supBrimposed and the resulting image photographed and 
displayed in Figure 16. 

Stations 4 and G provided better water detail tiian die other stations, but as can be seen from 
Figure 15, no densiiy/white marlin relationship could be established. Tiiis does not imply that such 
a relationship does not existbut only that utilizing tliis set of fishery data and this set of multiband 
photography, with band widths previously stated, no relationsliip could be established. More work Is 
needed in ihls area of analysis in terms of establishing exact location of the fish, and using S192 data 
With its narrow-band imaging ivithin the 0, 4 to 0.7 nm region and a thermal band as well as digital 
density slicing and color enhancement techniques to determine If Indeed a relationship exists. 
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Figui'e 15. S190A Photography Ilensih’ Sliced and Color enhanced witli Test Site and Wliite Maidin 

Locations Superimposed 



Fifjure 16. S190B Photograph Densit>* Sliced and Color enhanced witli Test Site and Wliite Marlin 

Ixications Superimposed 
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S190B Photographic System 

Tlie S190B earfli terrain camera was a single-lens oamera assembly having an F/4 lens with a 
focal length of 45. 7 centimeters (18 inches). The camera system was compensated foi‘ SIcylab’s 
forward motion and had a field of view of 14. 24 degrees which produced a square ground coverage 
of about 109 kilometers (59 nautical miles). Film width was 12.7 centimeters (5 inches), which pro- 
vides a usable image 11. 4 centimeters (4.5 inches) square. On this particular mission, SO-242 
(liigh resolution color) film was used. Hie filter bandpass was 0.4- 0.7 um and the estimated 
ground resolution at low contrast was 21 meters (70 feet) . 

Positive color transparencies of the test area approximately 22, 86 x 22. 86 cm (9x9 Inches) 
scaled approximately 1:500,000 were received as S190B data products from NASA's Johnson Space 
Center, 

Negatire black and white transparencies from frames 220 and 221 wMch were spliced togetlier 
and reduced ta approximately 22. 86 x U. 43 cm (9 x4 1/2 inches). 

A transparent overlay, containing the test area and that set of white marlin catch locations which 
could be located to within one-half mile, was prepared and utilized in the densify slicing color en- 
hancement analysis as shown in Figure 16 on the previous page, - 

The clouds (highest reflected radiance) are colored black and sun-glint areas orange. Sun-glint 
covers a large area in the lower right hand side of frame 220. Water areas were density sliced into 
three regions and assigned the colors of green, purple and blue going from highest reflected radi- 
ance to lowest reflected radiance. Again no relationship between die density of reflected light in the 
0.4 to 0, 7 urn range and white marlin distribution could be established from a visual evaluation. 
Sample size of 8 white marlin locations which could be located to . 304 km (1/2 mile) accuracy and 
fairly clear of cloud cover was somewhat small, therefore no attempt was made to compute statis- 
tical correlation between fish location and radiance densify values. 

One promising aspect of the S190B tmageiy not a part of this ejqjeriment was die fact that seve- 
ral of die sportHshing boats could be seen with die nalced eye. The fishing boat shown in Figure 17 
is 12.5 meters (38 feet) long and was identified by time/position information taken from fishing logs. 
Wliile die estimated ground resolution of the S190B at low contrast was approximately 21 meters 
(70 feet), this high contrast target of 12.5 meters (38 feet) shows up quite vividly. From the logs, 
it could hirther be established that boats less than 8. 9 m (27 feet) could not be seen. 


S191 System 

The S191 sensor is made up of three major elements - a Cassegrainian telescope and plane- 
mirror optical system that provided an image of the scene to the other two elements, a filter-wheel 
spectrometer that scanned the radiation feom the scene and a boresighted viewfinder and tracking 
system with the same line of sight as the spectrometer. The infrared sensor’s instantaneous field 
of view was approximately .435 kilometers (. 235 nautical mile) in diameter. Incoming radiation 
was split into short and long-wavelength bands; 0, 4 to 2. 5 micrometers and 6. 6 to 16 micrometers. 

Examination of the 3191 data acquired over the test area during the Skylab/Gamefish Experiment 
has revealed that cloud cover obscured maj'or portions of die sensor’s coverage along die flight 
track. This is shown in the S190A station 6 (0,5 - 0,6 nm) imagery with the test site and 3191 
ground track superimposed. (Figure 14). An isometric presentation of the data from die short 
wave band (0.4 to l.i nm) of the S191 sensor is shoiiVnin Figure 18. This presentation of die data 
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Figure 18. The Isometric Presentation of the Visible Portion of the S191 Spectra 
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represents Hie information from cliannel A3, tlie Mgh gain silicon detector. When the channel satu- 
rates, a value of aero is indicated, so when the spectrometer was viewing die very bright clouds 
and the signal was saturated, the spectrum indicates a zero radiance. Spectra 13 through 3!3 were 
taki^n very near or over die test area. Surface sampling stations were located in areas sampled by 
die S191 as spectra 13, 15, 18, 20, 22, 25, and 27, Spectra 13 through 15 were cloud free, while 
spectrum 18 indicates saturation in one portion of die spectrum, due most likely to a small cloud 
which entered die sensor field of view only briefly. Spectra 19 through 21 appear contaminated, liut 
not saturated. Spectra 22 through £7 are saturated. The rest of die spectra are all contaminated. 
This limited set of sensor data has prevented further analysis such as development of predictive al- 
gorithms for elilorophyil-^ and turbidity based on selected S191 spectra. 

In addition, initial plana to compute radiance values every 50 nanometers from 0. 4 to 0. 7 nm 
range for each 8. 05 1cm (5 mile} subsquare crossed by the S191 flight track resulted in data for only 
one subsquare. This prohibited any type of statistical analysis between die white marlin distribution 
and data from this sensor. 


3192 Multispectral Scanner 

The multispectral scanner was an optical electromechanical scanner which collected incoming 
radiant energy using a rotating mirror in die image plane to conically scan the scene viewed. The 
energy scanned in the image plane passed through a reflective Schmidt corrector mirror ?oid through 
a field stop that was the entrance slit of a prism spectrometer. Tlie short wavelengths (0. 41 to 2. 43 
micrometers) were separated from die long thermal wavelength band (10.2 to 12.5 micrometers) by 
a dichroio mirror. The spectrally dispersed electromagnetic energy received from die scene irra- 
diated thirteen detectors simultaneously. Detectors and associated wavelengths are listed below: 

Band No. Wavelength, 

Micrometers 


1 

0.41 - 

0.45 

2 

0,44 - 

0. 52 

3 

0.49 - 

0. 56 

4 

0.53 - 

0. 61 

5 

0,59 - 

0. 67 

6 

0.64 - 

0. 76 

7 

0.75 - 

0.90 

8 

0.90 - 

1. 08 

9 

1.00 - 

1.24 

10 

1.10 - 

1. 35 

11 

1.48 - 

1. 85 

12 

2.00 - 

2.43 

13 

10. 20 - 

12. 50 


Each detector produced an electronic signal that corresponded to the average value of die radi- 
ance received in its spectral band from die spot on the surface in the instrument's 0.182 milliradian 
field of view. The field of view of each detector provided an instantaneous sqiare ground coverage 
of 79 meters (260 feet) swept in a conical scan. The ground swatch width of the sensor was 74 kilo- 
meters (40 nautical miles). 

Black and white 12. 7 centimeter (5-inch) film images of correeted/filtered data from bands 1-13 
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and digital data on tapes from bands 1-9 and 13 have been received from NASA-JSC. Evaluation of 
the S192 imagery resulted in the identification of a ringing of cloud edges across the cloud free areas 
of the imagery in bands 3, 4, 5, and 8 , Discussions with NASA have confirmed that the high frequen- 
cy filtering of tlie data created tliis distortion as shown in Figure 19. Distortion can be seen on both 
sides of the shoreline as waves and out furtlier in the frame as cloud edge duplication. Band 2 is 
very noisy witii frequent scan line dropout. Band 13 is also very noisy. 

A request to reprocess bands 1-9, and 13 without high frequency filtering in bands 1-5, 7 and 8 
has been submitted to Bie NASA. Further" analysis of this set of data is pending receipt of data. 


PREDICTION MODELS 


Model Development 

Multiple regression analysis was used to develop models to predict white marlin distribution (D) 
in the Sltylab test area. Initial runs utilized die eleven parameters listed in Table IV along with all 
possible interactions (formed by computing the products of each parameter pair) as die independent 
parameters. The first models D , D^, D listed in Table VI were constructed utilizing data collec- 
ted on 4 August, on 5 August, ana the combination of 4-5 August. These models were developed 
based on five parameters: surface water temperature (T), Seechi extinction dep Eli (C), salinity (S) 
and the two interaction parameters, the product of Secohi extinction depth and clilorophyll-a, (CA), 
and the product of salinity and surfece water temperature (ST). Comparison of constant terms and 
coefficients (by magnitude and sign) in models D£t and D 3 reveal extreme difference or instabi- 
lity from day to day. Therefore, it appeared that important information was not considered, a com- 
bination of linear terms was not sufficient to model the day to day changes, or a white marlin distri- 
bution model could not be developed. 


Additional work was initiated to try to stablize the models. Water density was computed and sub- 
stituted for the product of water temperature and salinity. The latter two had been used in the ear- 
lier regression runs. A measure of water density (<r ) was computed utilizing tlie following equations 
( 21 ). 


Cl 


tr 

O 


2 

t 





_ S-0.030 
1. 805 

= -0. 069 H- 1. 4708 Cl - (1. 57 x 10“^) Cl^ + (3. 98 x lO"^) Cl^ 

(t-3.98)^ t+283 

503.57 * t-i-67.26 

= t 1^ 4. 7867 - 0. 098185t + (1. 0843 x 10“^)t^j x lo"^ 

= t (18. 03 - 0. 8164t + 0. 01667t^) x lo“® 

= S + (tr 4*0.1324) ri-A,4-BJ<r - 0.1324)1 


(d) 

(e) 

(f) 

is) 

(1^) 

(i) 


where; S = salinity in °/oo 

t = temperature in C 
tr^ = density parameter 
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TABLE VI, EMPIRICAL REGRESSION MODELS WHICH PREDICT WHITE MARLIN (D) IN THE SKYLAB TEST AREA 


u 

o 


T = Water temperature (°C) 

C “ BeccM disc transparency (m) 

S = Salinity (ppt) 

ST, CA = Interaction formed as tlie product 

of the respective parameters 


B = 


A = 


0 - (measure of water density) 

^ -3 3 

where cr x 10 + 1 = water density (g/ cm ) 

t 

3 

Chlorophyll-a (mg/m ) 


MODEL 

INCLUSIVE 

DATES 

(1973) 

n 

RE GKE SSION MODE L 

STANDARD 
ERROR 
OF D 

MODEL 

CORRELATION 

COEFFICIENT 

SIGNIFICANCE 
LEVEL (%) 


4 August 

24 

D = -419, 5394 + 14.3929T 
+12.9764S+ .0567C 
4461ST + . 0074CA 

0.3435 

0.797 

99,6 


5 August 

22 

D = 164.1002 - 5.3527T 
-6.3246S + 0.173C 
+.2071ST - .0021C 

0.4996 

0.499 

50 


4 & 5 August 

46 

D = -25.4052 -I- .9301T 
+.3258S +.0139C 
-.0133ST + .0008CA 

0.4751 

0.436 

75 


4 August 

24 

D = -13.3676 + .65S3T 
+-0718C + .3651B 
+. 0043CA 

0.3589 

0.762 

99.5 


5 August 

22 

D= -22,4714 + .S179T 
+. 0143 C - . 1035B 
-. 0014CA 

0.4879 

0.489 

60 


4 & 5 August 

46 

D= -12,8553 + .4959T 
+.0142C - .0950B 
+.0007CA 

0.4693 

0.436 

90 























Figure 19. ImaRen’ of Part of the Test Area Taken from Band 3 of tlie S192 S\’stem 
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NOTE: Water density {g/em ) at observed salinity temperature and 0 meters deptli 

(atmospheric pressure) o', x 10 “^ + 1 . 

c 


Tlie resulting density measure o- was used in constructing models D 4 , D 5 and Dg which also con- 
tain surface water temperature, Seoclil extinction depth, and the product of Secclii extinction deptli 
and chloropliyll-a. Comparison of the constant term and coefficients reveals a significant improve- 
ment in the stability of coefficient of each parameter from model to model. It should also be noted 
that the significance level was improved on models D 5 and Dg. The result indicates that the relation- 
sliip between white marlin distribution and the environmental parameters is more complex than a 
linear combination of the environmental parameters. However, while only two days of data were 
available for modeling efforts, it is evident that the relationsliip can be modeled with reasonable 
stabilify from day to day. 


Model Evaluation 

The D 4 and Dg models were tested with independent test data by using 4 August test data in Dg 
(developed from 5 August data) and 5 August test data in D 4 (developed from August 4 data). In each 
case the resulting unnormalized predicted distribution values (Y) were separated into low, medium, 
and Iiigh probability ranges. This was accomplished by computing die mean (Y) and standard devia- 
tion (S) of each set of predicted values. The probabilily ranges were fixed as follo’vst 

Low probability = Y <Y - 1/2 S 
Medium probability = Y - 1/2 S <Y< Y + 1/2 S 
High probability = Y > Y + l/2 S 

Each predicted value for each test square was classified as low, medium, or high depending on the 
probability range in which it fell. The actual distribution value for each test square was assigned 
a high probability if it had a distribution value of 1 and a low probability if it had a distribution value 
of 0 , 

Nine of 24 fishing squares were classified as medium probability areas. Actual fish catch in 
those nine squares revealed that there existed a 50 percent chance of being in an area that had fish. 
Considering the extreme of low and high probability regions for model evaluation as shown in Table 
Vn, the model was 93 percent accurate in predicting fish location in the remaining 15 squares. 


TABLE VC. EVALUATION SUMMARY FOR 4 AUGUST PREDICTED 
VALUES USING MODEL D 

5 


Actual 

Predicted 

Number of Test Squares 

HIGH 

HIGH 

5 

= 93 % correct 

LOW 

LOW 


LOW 

HIGH 

1 „ 

„ = 7% incorrect 

HIGH 

LOW 

0 
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Ten of the 24 squares fished produced fish-catxjh results which revealed that a fisherman had a 
42 percent chance of being in a location having fish if a square was randomly selected from the 24 
squares. However, if a fisherman selected one of the six predicted high probability squares his 
chance of being in area having fish increased to 83 percent. 

To further determine the value of the predicted high probability squares, an evaluation of tliese 
squares witli associated abundance data was made. It was found that in the six squares selected by 
Model D5 from 4 August data or 25 % of the test area, 67% of the white marlin were hooked in 31% 
of the fishing time. 

Visual representations of the predicted values from model D5 is shown in Figure 20. The num- 
ber of predicted test squares within a given range having fish are denoted by the shaded areas or 
solid lines. The number of predicted test squares within a given range not having fish are denoted 
by the dash lines. Ideally the shaded areas should cluster near the high value or high probability 
portion of range and the dash line areas near die low value or low probability portion witla a very 
minimum of intersection. The results shown in Figure 20 tend toward the ideal conditions. 

The analysis of 4 August data utilizing model Dg demonstrates die potential for reducing a fishing 
area by identi^ing high probability areas. For die cases in point a factor of three or four would be 
achieved. Furthermore, by only considering high probability areas, die overall probability ot being 
in an area where fish may be booked, can be increased approximately by a factor of two in the case 
discussed. 


MODEL TESTING OF AIRCRAFT REMOTELY SENSED DATA 

Data values for remotely sensed sea surface temperature, chloropbyll-a and turbidity were se- 
lected from the applicable contour maps. No remotely Inferred values for salinity were available 
so sea truth salinity measurements were used. Water density was computed for each square using 
remotely sensed temperature and die sea truth salinity. The data values were substituted in Model 
Dg and the predicted white marlin distribution values which resulted, were classified as low, medi- 
um or high, probability areas according to the procedure given in Model Evaluation. Again, not con- 
sidering the predicted medium probability squares (8 in number) the resulting evaluation is shown 
in Table vm. The results are probably indicative of errors occurring in one or more of the follow- 
ing processes. 

• Selection of data from hand contoured charts of remotely sensed data. 

• Use of actual distribution comparison values based over the entire day rather than the 
plus or minus two hours of the aircraft flight time, 

• Extrapolation of values from the narrow footprint coverage of the aircraft sensors, 

TABLE vm. evaluation SUMMARY FOR 5 AUGUST PREDICTED 

VALUES USING MODEL D^ WTSB. REMOTELY SENSED VALUES 

5 


Actual 

Predicted 

Number of Test Squares 

LOW 

LOW 

2 

= 50% correct 

HIGH 

HIGH 


LOW 

HIGH 

2 

, =50% incorrect 

HIGH 

LOW 

1 
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Figure 20. 


Evaluation of August A Pi’eclictions, Using August 5 aioclel 


ApplicaUort 


Oceanic gamefish distribution predictiou models of Gie type reported herein would clearly serve 
sportsfishermen and resource managers. Knowledge of highest potential catch areas as a function 
of time will provide sportsfishermen with the benefits of increased catch and decreased time and fiiel 
expenditures. Figure 21 is an example of a prediction model product which displays fishing areas in 
terms of catch potential. 

These prediction models are presently not adequate for resource management applications. Daily 
operational utilization of tliese models must wait until tecliniques for remotely sensing the necessary 
enviromnental parameters become fijlly functional on a synoptic basis. 

As models are improved to an acceptable precision level and as repetitive data acquisition be- 
comes economically feasible, it is reasonable to presume that these or similar models could provide 
Hie abundance and distribution information necessary for development of conservation and harvesting 
procedures. As operational readiness and confidence in such models are established, resource ma- 
nagers would have additional information on which to base domestic and international conservation 
decisions. 


Application to Wide Areas 

Considerations relative to the application of tlie model to wide areas may be categorized as both 
spatial and temporal. The parameters used in the model were selected because they applied signifi- 
cantly to the white marlin resource in the Gulf of Mexico during the time frame of data acquisition. 
Elsewhere in the world, for other species and possibly different time frames, other parameters 
might figure more importantly. The models would require rework using the parameters most appli- 
cable to tlie particular area or possibly using the same set with additional parameters representing 
the unique, environmental characteristics identified with that area. 

The relatively narrow range of values used in model development is anotlier factor presently li- 
miting use elsewhere except where the enyiromnent is analogous to that of die Gulf of Mexico during 
the month of August. For example, the sea truth measurement of sea surface temperature varied 
from 28,5°C to 31. during the data acquisition operations. For temperature values outside that 
narrow band, it is unclear if the model performance would be adequate. This is true about each 
parameter. 

The models are based on data talten during the limited, two day operations and which covered a 
very small portion of the total range of each parameter. It is questionable how well the model would 
function with data outside the range of the data with which it was developed. However, since para- 
meter range is obviously associated with seasonal weather (except in die tx’opics), model inadequacy 
with respect to data range may be cousidered a temporal deficienoy which could be corrected by the 
input of additional data collected dui'ing other seasons of the yeai\ 

The model could be tested elsewhere than in the Gulf of Mexico to resolve the question of spatial 
deficiency. For examplet white marlin are fished quite heavily along the southern Atlantic Coast 
which could be used as second test area from which to collect data. Future investigations could well 
include both temporal and spatial testing of the relationslup between white marlin and die environ- 
ment. 
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Figure 21. Prediction Results of August I Data UsinR Motiel D. 
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CONCLUSIONS 


The distribution and abundance of white marlin correlated with sea truth measurements. Corre- 
lation analyses were also done Ibr dolphin, but the results were inconclusive » 

Prediction models for white marlin were developed which demonstrated a potential for increasing 
die probability of game-fishing success. They also demonstrated a potential for reducing a sports- 
man's search time signifiGantly by identifying areas wMch have a high probability of being productive. 

Chlorophyll-a, sea surface temperature and turbidity (Secchi extinction depth) values were infer- 
red fx’om aircraft sensor data. Comparisons witli sea truth measurements indicate tliat, in spite of 
sometimes unfavorable atmospheric conditions, reasonable accuracy can be expected. 

Cloud cover and sun-glint in the test area on August 5, 1973, inliibited die usefulness of the Sky- 
lab S190A and S190B imagery. The S190A and S190B imagery was density sliced/colored enhanced 
widi white marlin location superimposed on the image, but no density /white marlin relationship 
could be established. Tlie resolution of the S190B system was suTEcient to see fishing boats 12. 5 
meters (33 feet) In length. This demonstrated a potential use in Eshery remote sensing surveillance 
systems. S191 data are insufficient for detailed Eshery analysis. The 3192 multispectral data were 
evaluated and a significant problem associated with liigh frequency filtering was identified. DetaE 
analysis of these data, mtli respect to the Eshery resource data, was delayed until Qiis problem can. 
be corrected. Because of tliese factors, it remains unclear if data from satellite sensors can be 
used in models to predict gameEsh abundance and distribuEon. However, with the successful iden- 
tification of the fisheries significant oceanographic narameters and the demonstration of the capabi- 
liiy of measuring most of these parameters remotely, the first step toward establishing the feasibi- 
lity of utilizing remotely sensed data to assess and monitor the distribution of oceanic gamefislv was 
accomplislied. 
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ABSTRACT 

The Fisheries Engineering Laboratory has conducted experiments 
in conjunctioa with ERTS-l and Slcylab-S overiliglits, and is initialing 
an experiment using LANDSAT data acquisition systems. Data 
analyses have demonstrated relationships between remotely sensed 
oceanographic conditions and the disti’ibution and abundance of 
specific living mai'ine resources. These correlations have been 
used as the basis for predictive models which, when validated and 
refined, may benefit the fishing industry and the biological community. 


INTRODUCTION 


The advent of satellite observatLon systems brought 
wntli it the capability to sjCDOpUcally siu’vej' vast areas in 




Service (i\IviiS), Umough its 1‘iyheries Engineering 
Laboratory (FEL), audits consliiaent recreational and 
commercial fishermen and state regulatory agencies, has 
begun to investigate the potential value of synoptic remote 
sensing surveys to oeMeve its goals and objectives. FEL 
has tlie responsibility to develop remote sensing techni- 
q.uQs to elficiently locate, identify and quantify living 
marine resources. 


Available satellite -su.pix)r led sensoi' systems lack 
sufficient resolution for direct fish detection. How’ever, 
it appears feasible to use satellite sensors to measure 
selected ocQaiiogiapIiic paratneters and then to use these 
measuremeuts to predict the distribution and abundance 
of a fish species. This feasibility is being tested. Sur- 
face vessels collect sea truth dita; while Ioav and medium 
altitude aircraft, using instrumentation similar to the 
satellite sensors, acquire data for calibration ajid corre- 
lation with the E atellite acquired data. Finally, a data 
system has evolved Uiat processes the diverse inputs, 
builds a user oriented data banli, and provides a capa- 
biULy to analyze and display selected data suijsets. 


remotely sensed oceanogi-apiiic data as the basis for a 
mathematical model to predict the distribution and abun- 
dance of living marine resources. A third experiznon: — 
tlie Lu-\NDSAT investigation for menliaden and thread 
herring — is currently underway, 

ERTS -1 IXVESTIGA TION ^ 


The primary objective of the ERTS-1 experimer.i, 
a combined Federal Government and privrae industry 
effort, was to establish the feasibility of using satellite 
imagery to deiermirte the at'aUubilily and distributior. o: 
the adult menliaden, Brevoortia pat r ouus, in the 
Mississippi Sound. Secondary objectives were to deu-r- 
mine the effectiveness and reliability of aircraft and 
ERTS-1 sensors for providing fisheries significart 
oceanographic information, and to ascertain the usefm- 
ness of this information for improving the harvest and 
management of the menhadon resource. The invesiigs- 
tjon began in July 1972 and la.sted 15 months. 

Jlenhaden were selected as the target species 
because of their siu’face schooling characteristics, 
malting them v/eU suited for aerospace remote sensing 
experiments, Thej' also support the largest voltune 
fishery in tlie United States, representing a major source 
of protein for animal feed, and oils and solubles for 
hundreds of other uses. 


SPACE EXPERIMENTS 

Two experiments have been conducted by FEL* -Uie 
ERTS-i menhaden investigation and tlie Sl?jdab-3 gamefish 
investigatioa~to test the vaiidiiy of tlie precept of using 


During the data acquisition phase o£ the experiment, 
ERTS-1, high and low altitude aircraft, and ooeano- 
grapliic and fisliiiig vessels were used to simultaneously 
acquire oceanographic, fishery, and meteorological 
information on three separate occasions. ERTS provided 


SEFC Contributio." No. 40S 




MAHMAP Contribution No. 83 
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data in digital and image form, and the aircraft acquired 
data for conversion to temperature, color, salinity, 
chlorophyll, and turbidity information. Additionally, a 
photographic aircraft was used to acquire fish distribu- 
tion and abundance information. The oceanographic and 
fishing vessels acquired selected sea truth measure- 
ments . 

The experimental rationale was to convert data 
obtained by ERTS-1 and aircraft-supported sensors into 
oceanograpliic information, attempt to derive statistically 
vaRd correlations between this information and the dis- 
tribution and abundance of menhaden, and then to 
determine if the relationships have meaning for com- 
mercial fishing operations and resource management. 


The feasibility of using satellite-supported environ- 
mental sensors to predict fish distribution was demon- 
strated (ICemmerer, etal., 1974). ERTS-1, MSS Band 
5 imagei'y was shown to contain density levels which 
correlated with merJiaden distribution. Further, these 
density levels were shown to correlate significantly with 
sea truth measurements of Secchi disc transparency and 
water depth — two parameters which also correlated 
significantly mth menhaden distribution (Table 1) . 
Additionally, surface salinity, Forel-Ule color and chloro- 
phyll-a were found to correlate wth menhaden distribution. 

Several regression models predicting menhaden 
distribution in the study area were constructed from com- 
binations of four oceanographic parameters: water depth, 
SpccM disc transparency, surface salinity and Forel-Ule 
oo-.or, Figime 1 depicts die results of one of these 
m.odels designed to predict menhaden distribution in hi^, 
moderate and low potential distribution categories . These 
categories reflect the probability of finding fish in certain 
areas witliin die study area. The importance of the 
models is that they demonstrate a potential way that 
remotely-sensed oceanographic information can be used 
to provide fisheries information on a real-time basis. 

This information could be used by the commercial indus- 
try to increase fishing efficiency, and by resource 
managers as an aid in planning assessment surveys, 

SKYLAB-3 mVEBTIGATION 

The Sliyiab-3 experiment was undertaken in the 
summer of 1973 to establish the feasibility of utiliziug 
data acquired from aircraft and satellite platforms to 
assess and monitor the distribution of oceanic gamefish. 
Otlier objectives were to examine relationships between 
Ocean surface conditions and gamefish distribution, and 
to enhance the capability for predicting the best areas 
for gamefishing success. The test area selected was 
approximately 18,000 square Idiometers (5400 square 
nautical miles), generally triangular in shape and 
located off the Florida coast between Pensacola and 
Panama City. 

Gulf Coast sportfisliing clubs, NASA and NMFS 
participated in the experiment. As in the ERTS-1 
investigation, Uie participants were responsible for 
establishing statistically valid correlations between 
remotely sensed data and sea truth information and the 
distribution of selected gamefish species. Target species 
for the experiment initially were: Blue marlin (Makaira 
nigricans l , wliite marlin fTetrapturus albidusl , sailfish 
fistiophorus platvpterusl . wahoo (Acanthocybium 


solanderi) , dolphin fCoryphaena hippurus) , yellowfm 
tuna fThunnus albaeares) , and bluefln tuna (Thunnus 
thynnus ) , Sufficient biological data were only collected 
for white marlin; therefore the other species were not 
considered in the analyses. 

A significant portion of the Skylab imagery has 
only recently been made available for analysis. The 
present schedule calls for this analysis to be completed 
in June 1975. Cloud cover and sunglint inhibited the 
usefulness of the previously available Slqrlab S190A and 
S190B imagery. Analytical efforts ^vill concentrate on 
identifying relationships between white marlin distribu- 
tion and data from S192B spectral channels. Presently, 
it remains uncertain if these data will supply inputs to 
models for predicting gamefish abundance and distribu- 
tion. However, the successful identification of the 
fisheries significant oceanographic parameters and the 
demonstration of the capability of measuring most of tlie 
parameters remotely was accomplished (Savastano, et 
al., 1974), 

Based on available data, the distribution of white 
marlin show significant linear correlation mth several 
sea truth measurements as shown in Table 2. Further 
analyses resulted in the selection of ehlorophyll-aj sea 
surface temperature, turbidily and water density as tlie 
set of parameters explaining the greatest amount of 
variation in the dependent variable. These measure- 
ments were used in developing the predictive models 
shown in Table 3. 

Prediction results for one set of data, using 
Model D , Eire depicted in Figure 2. The model demon- 
strated a potential for increasing the probabfiity of 
gamefisiiing success. It also demonstrated the potential 
for significantly reducing search time by identi^ng 
areas which have a high probability of being productive. 

LANDSAT INVESTIGATION 

As a logical progression to tlie previous experi- 
ments, a LANDSAT experiment is being conducted. The 
ERTS-1 experiment provided a clear definition of a 
viable experimental rationale for establishing die feasi- 
bility of aerospace remote sensing to enhance the manage 
ment and utilization of living marine resources. A 
similar rationale was successfully tested during the 
SIqrlab-3 experiment. The ERTS-1 rationale consisted 
of four discrete experimental units that were groupings, 
or banlis, of data; they were - Aerospace remotely 
sensed data, Oceanographic data, Fish distribution and 
abundance data, and Fishery utilization data. Aerospace 
remotely sensed data are used to develop oceanographic 
data that provide correlations ^vith tlie distribution and 
abundance of a fish species. This information is then 
used to predict potential areas for harvest of tlie 
resource. 

The experimental design of the current investiga- 
tion is based on the rationale just described. The pri- 
mary objective is to verify and refine the relationship 
of certain coastal environmental parameters, observable 
from aerospace platforms, to the avEiilabilify and distri- 
bution of Gulf menhaden. A secondary objective is to 
establish similar relationships for a potential commer- 
cially important fish - thread herring f Oplsthonema 
oglinum) . As in the ERTS-1 Investigation, the partici- 
pants are NASA, NMFS and The National Fish Meal and 
Oil Association. 
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Two test sites were selected - one in the 
Mississippi Sound and a second south of Morgan City, 
Louisiana (Figure 3) , The Mississippi Sound was the 
test site for the previous experiment, and a question 
remains if the bio-environmental relationships estab- 
lished for the area will remain valid. Additionally, the 
Sound is such a dynamic and complex ecosystem that con- 
cern has been voiced that some of the data acquisition 
methods and interpolation procedures may have obscured 
subtle, yet important, relationships between tiie marine 
environment and the distribution of menhaden. The 
environmental complexity of the Sound led to the selec- 
tion of the second site, south of Morgan City, where major 
oceanic features are less complex and more easily defined. 
This second site also supports potentially important con- 
centrations of thread herring not found in the Mississippi 
Sound. 

The LANDSAT experiment is being conducted in 
three phases. The first phase consists of continued 
analyses of previously acquired ERTS-type data, and 
planning and preparation for field operations and subse- 
quent activities . Phase two is field operations conducted 
in consonance with LAN^SAT overpasses to acquire 
oceanographic, hiologicai and meteorological data required 
by the experiment's hypothesis (Table 4). Also, during 
this phase all collected data will be prepared and pro- 
cessed to facilitate storage, retrieval and analysis. The 
performance of data analyses required to develop, test 
and/or verify prediction models, and the preparation of 
final documentation, are phase three activities. 


DATA PROCESSING 

User oriented data processing based on diverse 
inputs and numerous output requirements has improved 
with each investigation. Data inputs represent remotely 
sensed hiologicai, environmental and meteorological 
parameters, surface vessel and aircraft observations, 
and analyses of physical and biological samples. They 
are converted to digital form and formatted for input into 
the data banli (Figure 4) ; a supporting library maintains 
and disseminates imagery. 

Software to establish, maintain and utilize the data 
associated udth tlie LANDSAT Investigation consists of 
three major segments (Figure 5). The first was deve- 
loped to reformat all incoming digital data for input to 
the Information Storage and Retrieval System (TSRS) , the 
second segment. The ISRS is used to build a compressed 
data banlc which enables users to selectively retrieve 
pertinent information subsets from the compressed file, 
print the information, or store it on magnetic tape to be 
utilized by analysis programs. The last segment con- 
sists of vfirious computer programs developed to analyze 
and display selectively retrieved information subsets. 
Software is available for statistical analyses, mathema- 
tical computations , and graphical displays including land 
mass plots with contour and symbol plots , histogram 
plots andX-Y plots. 


analyses was a general lack of remotely acquired synop- 
tic oceanographic parameter measurements. Therefore, 
the conversion of remotely acquired oceanographic data 
into meaningful information proceeded slowly because of 
interpretation difficulties. These problems are being 
overcome; processing techniques have bean developed 
that reliably interpret the remotely sensed data and 
provide oceanographic information used in fishery 
prediction models. 

The ERTS-1 and Sk/lab-S Investigations demon- 
strated that relationships exist between selected oceano- 
graphic parameters, which can be sensed remotely, and 
the distribution of living marine resources . Potentially 
these relationships will facilitate synoptic coverage of 
vast oceanic areas as an aid to commercial fishing and 
resource assessment. The LANDSAT experiment's 
objective is to verify and further refine some of these 
relationships. 


REFERENCES 

Kemmerer, A. J. , J.A. Benigno, G. B. Reese, and 
F. C. Minlder 

1974. Summary of selected earlj' results from the 
ERTS-1 menhaden experiment. Fishery Bulle- 
tin 72(2):375-389. 

Savastauo, K. J., E, J. Pashila, Jr., E, G. Woods, 
and K. H. Faller 

1974. Preliminary results of fisheries investiga- 
tion associated with Skylab-3. Ninth International 
Symposium on Remote Sensing of Environment, 
Environmental Research Institute of Michigan, 
April 15, 1974. 

Stevenson, W. H, , A. J. Kemmerer, B. H. Atwell, and 
P. M. Maughan 

1973. A review of initial investigations to utilize 
ERTS-1 data in determining the availability and 
distributian of living marine resources. Third 
ERTS-1 Principal Investigators ' Symposium , 
Washington, D,C., December 1973. 

Stevenson, W. H, audT. M. Vanselous 

1973. Remote sensing data management from a 
user 's viewpoint. 19th Annual Meeting American 
Astronautical Society, Dallas, Texas, Jme 1973. 


CONCLUSION 

Machine processing of all data has been an integral 
part of each experiment and has contributed to the 
successes achieved to date. Kemmerer, et al. (1974) 
reported the principal limitation of initial ERTS data 
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Table 1. Correlations Between Menhaden Relative Abundance 
and Distribution Estimates, and Selected Oceano- 
graphic Parameters. 


PArUMETEn 

DEOREES OF 

COnUELATION 

COEFnCIEKT 


FREEDOM 

RELATIVE 

AUUNDANCE 

DiSTRr- 

BUTlON 

Tomporaturo <*C| 

195 

0* 009 

O.O-I-I 

(ppt^ 

IQS 

-0.Z57*** 


cbloraphytl“tt 

195 

0. 025 

0,119* 

Current spoeil 
<cni/FCC) 

105 

-0, 0G2 

0, 027 

Sea atatc 

195 

-O.Ofi-t 

-0.103 

Forol-Ulo color 
M(S) 

IIJ 

-0,25G*** 

-fl.150* 

VVpier depth (ml 

ion 


-0.404*** 

Secctil disc 
trfloi^parancy <m) 

195 

“0, 093 

-O.MC** 


• slgiUflcancc Io\-ol **• 95*? alRnlflcattce \e\n\ *** 09*7 sigtiincanco lowl 


Table 2. Correlations Bet^veen White Marlin (hooked) Abundance 
and Distribution Estimates, and Sampled Environmental 
Parameters. 


Parameter 

Degrees of 
Freedom 

Correlation. Coefficient (r) 

OistributlDn 

Abundance 

Water Temperature (°C) 

44 

.407*** 

.310** 

Salinity (ppt) 

44 

-.145 

.001 

Air Temperature (°C) 

44 

.113 

.218* 

Seccht Transparency (m) 

44 

.129 

.269** 

Sea State (m) 

44 

.272** 

.183 

Forel-Ule Color (units) 

44 

-.180 

- .044 

Chlorophyll-a (mg/m ) 

44 

.200* 

.054 

Chlorophyll-b (mg/m' ) 

44 

.050 

- .005 

Chloropbyll-o (mg/m ) 

44 

.214* 

.241* 

Water Depth (m) 

44 

.329** 

.170 

Distance from Shore (km) 

44 

,454*** 

.323** 


♦ 90% sfgrtificance level *• 95% significance level 99% significance level 

Table 3. Empirical Regression Models Which Predict White Marlin 
Distribution (D) in the Slqflab Test Area. 


T •W«iflr(ompDrsS»TO |*C) 

C -Soeehldlactrfta«p«n9aeT 

s «9t!lAlt]r Qipti 

ST« CA - loioractiso lorsed as (be product 

of tbs rsjpMdve paramtor* 

D • ptieamro □( vaCar dentltyi 

vhem Ct^x * I - water ilctisitsr 
A « CMoropiiyll-i 


MODEL 

rKCLUSUT 

DATES 

(19731 

- 

nCGElSSSIOM MODEL 

J5TANDAIID 

EIIRDR 

ofd 

MODEL 

cgnttELMioN 

COErnCIEKT 

SICMFICAKCi: 

LEVEL 


4 AuRuat 

24 

D--U9*$2M + 14.9929T 
412.9TS43 4,0567c 
-,4461ST 4.00T4CA 

0. 342S 

0. 797 

S9.5 


5 Auipiat 

- 

&«t£4<1002 3&2TT 

•«,23US -PrILC 
♦.aonst - .i>521 ’ 

P. 4iKI6 

0. 49P 

50 

•>5 

4 tr 2 At|£u<it 

16 

5 ■ *25.4Q(*;: + . 030IT 
•*.325af « . V139C 

•.0J13ST + ,D00fiCA 

P. 1751 

D. 43E 

75 

'h 

4 August 

24 

D>-}2,2&76 4.6SS3T 
•*.0TtBC -.36310 
SOOUCA 


0,762 

95.5 

P 5 

5 August 

22 

f)' -22, 471 4 *.nil9T 
*,Ol42C -.lUJSU 

*.00t4CA 

0.4B70 

i>. tap 

60 


4 A S August 

(A 

4.43S9T 
+,0t42C -,09SQU 

*, 0D07rA 

0.46W 

0. 43R 

90 
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Table 4. LANDSAT Investigation Parameter Measurements 


PARAMETER 

j SURFACE 

1 

AIRCRAFT 

SATELLITE 

Fishery Vessel 

Research Vessel 

NP3A 

NASA 

Twin Beach 

STMOA 1 NMFS Contract 

Spotters i Photo 

NMFS Contract 
LLLTV 

ERTS 

Salinity 

X 

X 

X 


- 


- 


Chlorophyl 

- 

X 

m 

X 1 

- 



X 1 

Color 

X 

X 

X 3 

X 

- 

- 

- 

X 1 

Transparency 

X 

X 

X 1.3 

X 1 

- 

- 

- 

X 1 

Temperature 

X 

X 

X 

X 


- 

- 

- 

Depth 

2 

2 

L ^ 

2 

2 

2 

2 

2 

; Fish Schools 

X 

E 

■ 

I 

; 

1 « 

X 

X 

X 

X 

- 

1 Fishing Boat 
j Distrlbuticn 

1 

X 

i 

L__ 

X 

- 

X 

• 1 



NOTE: 1 - Inferred - Hltfh Risk NOTE: 2 - Taken from Charts NOTE: 3 - Louisiana Test Site only 


89“00'W 88°30’W 



Figure 1. Predictions for Menhaden Distribution in the Mississippi Sound on 7 August 
1972. (Kemmerer , et al. , 1974) 
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Figure 4. Establishinent and Use of an Investigation’s Data Bank 



Figure 5, LANDSAT Investigation Data Management Software System 
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